I. Introduction
Laser transient effects in the areas of surface physics and materials science have been recently investigated, and surface-related phenomena such as annealing, vaporization, ionization, dissociation and adsorption have received considerable attention, both experimentally and theoretically, due to their potential importance in applications to microelectronics, 1 heterogeneous rate processes, 2 
3
nondestructive materials testing and new laser developments.
One of the important laser transient effects is the electron current emitted from low work function materials. The extent to which the current can be regarded as "photoelectric" or 'thermionic"
has not yet been conclusively determined, due to the complexity of the various competing transient phenomena (e.g., desorption and migration) and to the lack of understanding as to how such phenomena are related to the coherence of the laser radiation and the thermal and optical properties of the solid. From Richardson's equation it is seen that the thermionic current is governed mainly by the work function and the surface temperature of the laser-heated solid. 4 There is a time delay in the maximum surface temperature and hence the current with respect to the peak laser intensity. The electron emission spectrum is also dependent on the length and overall shape of the laser pulse.
We have therefore decided to analyze the effects of the laser pulse shape on the surface temperature and its time delay. By using a generalized Richardson equation, we are able to incorporate the conditions and processes leading to both thermionic and photoelectric currents.
In this paper we present some theoretical aspects of lasergenerated electron emission from low work function materials, e.g., a cesiated tungsten surface. By solving the heat diffusion equation , we are able to analyze the effect of the pulse shape on the temperature and its time delay. In this regard, in Section II we compare the surface temperatures generated by gaussian, rectangular and triangular pulses. In Section III, the laser-generated electron emission is analyzed by means of a generalized Richardson equation. While the main focus is on the thermionic current, photoelectric effects are discussed for a cesiated tungsten surface. The diffusion equation
with temperature-dependent diffusivity and absorptance is solved in Section IV. Finally, the desorption mechanism and the residence time of the adspecies are discussed in Section V.
II. Surface Temperature: Effects of the Pulse Shape and Time Delay
For a heterogeneous system, e.g., Cs/W, subjected to laser radiation, the photon energy can be absorbed by both the adspecies and the substrate. However, the main absorption is by the adspecies, and we therefore will be interested in the temperature associated with just the surface formed by the adspecies. To begin, let us consider the laser-generated transient temperature, T(z,t), which depends on time and the surface depth z and corresponds to the above surface temperature at z = 0. This obeys the heat diffusion equation represents the incident laser pulse in terms of a spatial gaussian dependence and a temporal dependence g(t) as
(2) We shall first consider the case where both the thermal and optical coefficients are temperature independent and shall restrict ourselves to times satisfying the condition d >> (4Dt)1/2, such that thermal diffusion effects in the radial (r) direction are negligible.
Although the above procedure is valid only for surface heat generation, it gives satisfactory results for volume heat generation provided the laser intensity is less than 100 MW/cm 2 and the pulse 6 length is greater than a nanosecond.
The rigorous procedure for volume heat generation applies to arbitrary intensity and pulse length. In this case the boundary condition is with the radiation heat source given as 
For an arbitrary laser pulse shape, the above integration must be carried out numerically. For the case of a rectangular pulse with constant intensity 1 0 and duration tp, the integration can be performed analytically. This yields an expression for the maximum surface temperature T s = 21 0 (l-R)4 1/2/(Kpc) 1/2, whichhowever, tends to overestimate actual experimental results. We therefore propose triangular pulses to better approximate an actual pulse, e.g., a gaussian or an asymmetric long-tail pulse. The effect of the triangular pulse shape on the temperature and its time delay can be analyzed by means of an exact analytic solution of the diffusion equation.
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A triangular temporal dependence of the laser pulse takes the
which has a peak intensity at t = ti a with a pulse energy (a+b) 0 /2f and whose shape is governed by the ratio between a and b. From
Eq. (4), the surface temperature generated by the above triangular pulse can be given exactly, in the form
where
By setting [DT s (r,0, t)/;tl...t* = 0 we obtain the rise time for the 2 2 2 maximum surface temperature, t*=aL /(L 2 -1), which then gives us the delay time by means of the simple expression
where L = (a+b)/b and t* = a is the rise time of the peak laser intensity.
the To show the effect of pulse shape on the surface temperature, we plot the analytical results for the rectangular and triangular pulses and the numerical result for a gaussian pulse (with FWHM = 18.8 ns) in Fig. 1 . It is seen that when the laser pulse is gaussian, the surface temperature is overestimated by a rectangular pulse but is well approximated by a triangular pulse with equal sides (a=b).
Note that in the surface temperature profiles (shown in Fig. 1 ) the laser energies (fg(t)dt) of different pulses are all the same, and the surface temperatures are normalized to the maximum value generated by a rectangular pulse.
By knowing the rise time of the maximum surface temperature, t*, we can easily calculate the maximum surface temperature for different triangular pulse shapes from Eq. (6). 
III. Mechanism of Laser-Generated Electron Emission
Laser-generated electron emission of solids has been studied during the past several years. 7 , 8 , 9 There has been some recent discussion on two different emission mechanisms -photoelectric effect and thermionic emission -based on the reported experimental results. 1 0 ' 1 1 ' 1 2 However, no conclusive interpretation has been made due to the complexity of the transient phenomena. The mechanism of the electron emission depends on both the coherence properties of the incident laser radiation and the thermal/optical properties of the heated materials. The former includes intensity, polarization and frequency, and the latter includes the bond structure.
In order to characterize the electron emission with respect to the above, we utilize the generalized Richardson equation for the current density, 4 ' 9 ' 1 3 ' 1 4 N+l J E Jn' 
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The above equations are valid for a material with low work function or low ionization energy, and hence are more applicable to metal adspecies rather than nonmetal adspecies. Note that, from the expression in Eq. (13), the one-photon emission current density Jl is equivalent to that of the pure thermionic emission J0 enhanced by a factor a 1 l 0 exp(hv/kTs), which is photon energy and intensity dependent.
For the two-photon process, the current density J 2 is independent of T provided T is sufficiently low, where the "cold" electrons gen- 3 shows the surface temperature (normalized to its peak value) generated by a gaussian laser pulse (at the hot spot center) and also shows the corresponding current density (only the pure thermionic current is plotted). We note that the surface temperature and the associated current profiles may be well approximated by the results generated by a triangular pulse with a = b in Eq.(6), which
gives the peak surface temperature T* / I2(a+b) Furthermore, the numerical results show that these profiles are universal for gaussian pulses with arbitrary laser intensity. The term "universal" implies that two gaussian pulses, with intensities and pulse durations related by 1 /12 = (t 2 /t 1 )I/ 2 , will generate the same surface and current density profiles when the appropriate time scales are chosen.
For example, the profiles shown in Fig. 3(A) and (B) also describe those profiles generated by picosecond pulses with (intensity, FWHM) We note that a narrow width of the current density profile is generated by a short laser pulse. This is an important feature of laser-generated electron emission, in that one can generate an intense electron beam on a nanosecond (picosecond) time scale by a nanosecond (picosecond) laser pulse.
Since the power density in the laser beam is not spatially uniform, we expect the generated current density J(r,t) to be not only time dependent but also radially dependent on the heated surface.
Therefore, it is appropriate to deal with the average emission per unit area (with hot spot radius d), 
where T (r,t) is the surface temperature with r = 0 defining the hot spot center. For a spatially gaussian pulseTs(r,t) = Ts(0)exp(-r 2/d 2), the average current density becomes 
In principle, for arbitrary forms of the optical absorptance and the laser intensity, we can find the corresponding surface temperature by Eqs. (20) The inverse Laplace transform leads to the surface temperature (24) is not rapidly convergent, which is the case for high-power/ energy laser heating of metallic surfaces. This is one of the major concerns in high-power laser-damage studies. However, in lasergenerated electron emission from a tungsten surface (with a rather high absorptance z40%), the temperature dependence of a(T) can be treated as a small correction compared with that of other metallic surfaces, e.g., with silver for which the absorptance is low (z2%) and a(T) is strongly temperature dependent.
We next consider the situation where both D and a are temperature dependent. For tractable results, we again consider the case where a= A0 + AiTs(t) and I(t) = 10. Within the time scale 4a 2DT>)l, the surface temperature follows the power law 
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The next higher-order surface temperature, neglecting terms like AIDV , etc., is found to be (28.b)
When the pulse energy and the intensity are sufficiently high, the 2 surface temperature power law becomes Ts(t) I0t, in contrast to the constant-coefficients limit (AI=DI=0) where the power law is T(t) c I t
V. Effects of Laser-Stimulated Surface Processes
It is known that in a heterogeneous system with species adsorbed (chemically or physically) on a substrate surface, laser radiation not only causes nonselective thermal effects but also selective quantum effects. 1 8 Laser-stimulated surface processes such as migration (diffusion), desorption (evaporation) and dissociation (decomposition) will affect the thermionic and photoelectric current through the electron emission characteristics, r ,g., the coverage- 
where k 0 is a preexponential factor (1012 _ 1013 sec-1 ), Ed is the desorption energy given by the bond strength of the adspecies and F(e) is a coverage-dependent correction factor for the adspeciesan adspecies interaction. The lifetime of adsorbed cesium atom with Ed = 2.05 eV is about 150 ns for a tungsten surface heated to 2000 K (assuming F(6)=0).
Due to the long lifetime, the work function of the surface is essentially "frozen" at a low value (4z 2eV) during the pulse period, where the cesium remains adsorbed on the metallic surface and in thermal equilibrium with the surface phonons.
In conclusion, we propose some possible procedures to aid in the development of high-quality electron beams via laser-activated low work function materials:
(1) Increase the peak value of the laser-indcuced surface temperature by choosing an appropriate pulse shape, e.g., a righttriangular pulse.
(2) Optimize the thermal and optical parameters of the heated material such as the work function, diffusivity, melting temperature, reflectivity (absorptance), ionization energy, etc. 
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